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Abstract research on the basis of extended experi-
mental control, objective recording, and the

This paper presents a summary of the maintenance of realistic and naturalistic
background, objectives, and methodological incentive conditions for the assessment of a
approach of an ongoing research project broad range of Individal behavioral
devoted to the analysis of individual and processes. 1  A review of the very extensive
small group performance effectiveness under literature involving the study of small
conditions of isolation and confinement groups 2  suggests that research on ZraU
during extended residences in a continuously performance effectiveness would be equally
programmed environment. A more detailed advantaged by the development and application
description is provided of the results of a of an effective methodology for extended-
recent series of experiments designed and duration analyses of both the functional and
conducted to assess hormonal and behavioral topographic aspects of social living and work
effects of a change in group membership and situations which provide for operational
size. performance assessment and evaluation. The

present report describes the experimental
Introduction methodology and results derived from studies

of such human individual and social behaviors
Where sustained and effective human conducted at The Johns Hopkins University

performance Is essential to the success of School of Medicine under residential labors-
group missions conducted within the tory conditions in a programmed environment.
unfamiliar and stressful circumstances of sea
and/or space habitats, it Is obviously Anaratus
necessary to determine the conditions under
which (1) productive individual behavior and All studies wore conducted within a
social interactions can be maintained and (2) residential programmed laboratory represented
performance decrements prevented or in schematic form in Liffur 1. Briefly, this
corrected. Accordingly, in response to the
recognition of the practical importance of
developing technological guidelines related
to (1) the impact of the type of mission, (2)
the characteristica of mission participants,
and (3) the skill level of a novitiate
participant as they affect the group's
ability to aocomplish mission objectives, a
research project was undertaken to investi-
gate performance effectiveness within the
context of a programed laboratory environ-
ment in which both Interpersonal and work
behaviors can be continuously monitored over " 'z-
extended time periods. A discursive
rationale and preliminary model have been
presented elsewhere for the application of rItve I

continuously programmed environments in human
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programed environment, which has been experiments. Each box within the diagram
previously described in det..l,

3
. In represents a distinct behavioral unit and

oposed of three 2.6 by 3.4 by 2.4 * private response requirement. Subjects progress
roos, a 4.3 by 6.7 by 2.7 a recreation room, through the program sequentially from left to
a 2.6 by 4.1 by 2.7 a work station, and a 2.3 right. This progression involves program
by 7.9 by 2.4 m hall joining the rooms. branches composed of a fixed activity
Remotely controlled solenoid locks on doors Sequence and optional activity sequences.
and storage compartments located throughout Regardless Of the Sequence Selected, the
the environAent provide for experimental diagram indicates that all behavioral units
programing of access to laboratory resources are scheduled on a contingent basis such that
according to the rules of a behavioral access to a succeeding activity demands
program to be described below. glectro- satisfaction of the requirements for the
mechanical control devices positioned preceding unit.
throughout the environment are Interfaced
with computer systems located within beginning at the far left, the fixed
adjoining laboratory support facilities which activity sequence is composed of all
provide for monitoring, programming, activities between and including Health Check
recording, and data analysis. Audio and (H/) and Food One (FDI). The Health Check
video equipment located, with the awareness activity requires the subject to determine
of participants, within each of the his temperature, pulse, and weight, and to
residential chambers permits continuous *oplete several subjective status question-
monitoring during conduct of an experiment. naires. He then completea the following

activities in the order displayed: Physical

Exercise (PE), requiring 500 correct
responses on an automated exercise task;

In response to recruitment notices on Toilet Operations (TO), providing access to
college bulletin boards and In local news- the private room bathroom and drawers
papers, over 100 male and female subjects containing towels, toiletries, and a vacuum
have been screened and accepted for partici- cleaner; Lutogenic Behavior (AB), In which
patios In the research on the basis of the subject follows taped relaxation instruc-
psychological evaluation, educational tions; and Food One (FD1), In which the
background, and availability. Subjects are subject Is permitted to select two items from
familiarized with the operational features of a presented list of 10 *light" foods such as
the laboratory, with the experimental coffee, tea, soup, cereal, etc.
methodology, and with performance tasks
during several daily sessions preceding the When Food One Is completed, the subject
experiment. Informed consent Is obtained, is eligible to select nM of the following

three activities: Reading (RD), providing at
hAzLnAL knuaa least 30 minutes' access to books contained

within a drawer; Work Two (WK2), In which the
Figure Z presents a dlagramatic subject completes in- private various

problems, experiments, or assembly projects
presented In a drawer; and Sleep (SLP),
providing access to the bed for an unlimited
tine period of at least 30 minutes. If the

,mnmPgmM PSS Fw subject selects Sleep, he Is required to
return to the Health Check activity and the

LJL~LLJ ~designed to maintain and assess the subject's
health If he were otherwise indisposed toR engage in the broader selection of
opportunities.

The optional activity sequence begins

with the choice of an of the rollowing two
activities: Reading (RD), providing at least
30 minutes' access to books, or Work Two
(WK2), in which the subject completes various
word games, experLonts, or assembly

Figure 2 projects. When the selected activity Is
completed, the subject Is eligible to select
MEl of the following three activities:
Puzzle Assembly (PA), requiring the subject

representation of a behavioral program to assemble a jigsaw puzzle presented in a
exemplar governing, in general form, the drawer; Manual Behavior (OU), providing at
sequential and contingent relationships of least 30 minutes' access to art supplies
activities employed throughout the series or contained in a drawer; and Requisition (REQ),

2
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allowing the subject to press a lever to earn Pformam ne Task
at least one but not more than 20 points
exchangeable for treats, such as soft drinks A Multiple Task Performance Battery
and pastries. On completion of the selected (MTPB) was used as the major performance
activity, the subject Is eligible to select assessment procedure throughout the research.
jn of the following four activities: Figure 1 presents a photograph of the MTPB
Private Games (PC), allowing at least 30
minutes' access to an assortment of solitary
games within a drawer; Food Two (FD2),
requiring at least 30 minutes and providing
the subject with a major meal to eat within
his private room; Food Three (FD3), providing
at least 30 minutes in the recreation room by
one, two, or three subjects to eat a major
meal and to play games; and Music (MU),
allowing the subject to press a lever to earn
a cassette tape that can be played at any

time. Once a subject completes his choice
among those four activities, he returns to
Health Check and resumes the fixed activity
sequence, indicated by the dotted line. The
optional activity sequence allows the subject
flexibility in the selection and arrangement
of.activities, both individual and social.

At the bottom of the diagram are four
activities with more general rules. The
Limited Toilet Operations (LTO) activity,
which provides access to the bathroom, can be
selected at any time. The Audit (A) activity
can also be selected at any time, and it
provides the subject with all subjects' work Figure 3
productivity during the current day. The
Ccmunication (CON) activity allows access to console on which the performance tasks were
the intercom for intersubject communications, presented on a cathode ray tube (CRT) display
A subject is permitted to use the interoom to terminal. The battery was composed of the
initiate or answer a Communication only if he following five task components which were
Is between any two program activities, presented concurrently to an operator: (1)
Although the Communication activity Is hjnkis llhA, providing a measure of
available between any activities, an actual watchkeeping, (2) wanIns li=, providing a
conversation requires at least two subjects' masure of vigilance. (3) nrobability
simultaneous presence within the Comuni- InnLtaeW, providing a measure of attentive
cation activity. Conversing subjects, functions, (4) .&CUL identification,
however, whether in pairs or all three at providing a measure of sensory-perceptual
once, can be located at different sequential functions, and (5) arithmetic a22CLtna,
positions within the behavioral program. For providing a measure of computational
example, a Communication and conversation functions. Accurate responses produced
might occur when one subject Is between points which were presented on the screen as
Autogenic Behavior and Food One. and another they were accumulated. The parameters
subject is between Manual Behavior and the associated with the tasks were chosen so that
last column of activities, and so on. The an operator with 5-10 hours of practice could
Multiple Task Performance Battery (MTPB) accumulate S0-600 points per hour. The
activity, to be described below, provides upper limit of performance was approximately
access to the work station, and it can be 750 points per hour. A comprehensive
selected between any two activities in the description of the performance battery has
behavioral program, been published by Imuraln, 6 and a rationale

Afor this *synthetic work* methodology has
Ai manual of Instructions detailing the been provided by Morgan and Alluisi.

7

program and use of environmental resources Is
contained in each room of the environment. AkASCam 2amauh ELniAsA
An example of a subject's Instructional
manual, health assessment questionnaires, and Over the post three years, volunteer
procedural details associated with the subjects have participated in a series of'
various activities has been previously experimental group missions involving
described.

5  
continuous residence for varying periods
within the programmed laboratory environment.
Carly studies involved simply confinement and
isolation of two-person groups for relatively

-.- 3



brief 24-hour periods to demonstrate the differences In the degree to which program
eadquacy of the hardware and to determine synchrony could be maintained, with con-

habitability under conditions which required aiderably more drift separating individual
only minimal. and basically biological, subject achedules under dyadic then triadic
activity sequences, aJL. eating, sleeping, conditions. In addition, Individual social
group Interactions, eto. The major findings distance measures derived from observations
and ooonlusiona were that the hardware was of triadic episodes were predictive of the
operational and the experimental setting degree to which a given member would become
capable of sustaining stress-free living socially isolated under dyadic programing
conditions for at least these brief 24-hour conditions which limited social interactions
periods. The second phase of the research to only two members of the group. In
involved extending the length of these general, low group cohesiveness appeared to
studies from one to three, and then to ten increase vulnerability to social fragmen-
days of continuous residence in the tation in the absence or specifically
laboratory and introducing programatic programmed triadic cooperation contln-
sequencing of performance activities. The gencies.

10

major findings and conclusions were not only
that such small groups could be maintained Performance program Ochainingg sequence
under stress-fr*ee living conditions for these studies were then initiated to vary the
sore extended periods in the experimental degree to which the scheduling of activity
environment, but also that the sequential components in the performance program was
contingency performance program was determined by the group participants or by a
supportive of both igdividual and group predetermined chaining sequence. The
behavioral productivityo outcomes of these studies in terms of

significant departures from the performance
Subsequent program parameter studies program and differential distributions of

focused upon the temporal determinants of selected activities (t.&., social activities)
group productivity and effectiveness under under non-chaining conditions with limited
conditions of performance schedule Opacingm, sequential interdependencies among perfor-
i .it., imposed delays between activities, and mance requirements emphasized the importance
of mission extensions of up to sixteen days of participant - experimenter interactions.
of continuous residence in the laboratory. These observations provided the transition to
The major findings and conclusions emphasized a series of special mission studies
the differential Importance of selected undertaken to assess the effects of such
components of the program, i.., social interactions on individual and group
activities, In maintaining individual and performance.
group performance effectiveness and the
sensitivity of the behavioral program to The first of these special mission
reversible experimental manipulations, JL.a., studies focused upon the rule oonditions
corrective countermeasures, in the course of under which NTPB and other work assignments
extended residential missions. More recent were oosequated.

11  
Under *positive,

studies have focused upon both differential incentive rule conditions, completion of work
program requirements for social cooperation assignments by individual crew participants
in groups of three participants and effects produced corresponding increments to a group
on selected performance components of the account which determined remuneration for
mission activity schedule. The major participation. Throughout other successive
findings and conclusions which emerged from a days of such a mission, completion of
comparison of reversible cooperation and identical work assignments no longer produced
non-cooperation conditions emphasised the increments to the group account, but were
potentiating effects of such contingency required to avoid reductions of similar
management procedures upon group cooperative magnitude. Comparable performances or
performance, on the one hand. and the group Identical value to the group were required,
fragmentation which developed, Jl.., subject with the difference between the two
pairing and Individual social isolation, on conditions being the motivational valence
the other. Perhaps most importantly, the (positive or negative) of the performance
results strongly suggested that cooperative consequences imposed by the experimental
programing contingencies can effectively program (L.&., emission controlm).
prevent withdrawal or alienation of a
potential social isolate from essential and The results showed that a distinguish-
productive group activitles.9 able and stable pattern of work performances

and social interactions emerged during the
Group performance cohesiveness studies appetitvely-programmed days or such

were then undertaken to investigate emissions
e
. Typically, the completion of

variations in the number of group ambers, several work periods under the positive
L.a., two of three or three of three, condition was rollowed by a social episode
permitted to Interact socially under which usually included a common seal.
different program conditions. Comparisons Additional brief work periods then generally
between these conditions revealed marked ccurred interspersed with individual or

iI- "4



social recreational intrlud before sleep.
In contrast, the sments Mthe pmission . points
with work performances av, sively maintained V11, Cortsol
by avoidance of group son ary reduction were
oharactorzed by nota e change In the .0C i5
relatively stable wor rest patterns and by
progresive deteriors on of group cohesive-
mesa. Low-produc vity participants vere
subjected to inter roonal unpleasantries and 400 I0
were scmetimes i ated from the group. Con- 00 60
ocaltantly, c members reported dysphoriI
mood and they e openly hostile and vehe-
mently expre ive of their displeasure with
the pror / monitors and the experimenters ' 3000 45

a sson trolg).

An sample of one of the more extreme l
effect of avoidance incentive conditions was W 20o I 30 V
refleed in the performance data of the last E
ox ment conducted in that series. After
t initial days under appetitive incentive

ditions. the thr e-person group was
signed an TPD avoidance criterion of 1000 1I

12,000 points to accomplish on each of Days
3-5. Mission members informally agreed to
distribute the criterion evenly among
themselves. At the conclusion of Day 4, OWN
however, Subject 3 fell behind In his share
of work, and he caused the criterion to be S1 SS $3

missed by 56 points. Unlike a high-
productivity participant's tolerance of Figre 4
variation In work output during the
appetitive condition, one of the other group
members (Subject 1) became openly hostile at
this relatively trivial shortcoming, and he
reprimanded Subject 3 during an Intercom
conversation at the end of Day 4. Signifi-
cantly, Subject I also refused to perform any
further work duringthe aversive condition,
and on Day S the group lost heavily in
potential earnings as a result, at least in A direct relationship Is evident between mean
part, of insufficient personnel to operate HTP points per day and mean cortisol per day
the performance battery on a sustained with the crew member showing the highest
basis. Of at least equal Importance se the average MTPB productivity (Subject 1,
fact that Subject Its emotional outburst and onitting Day 5) also showing the highest
his refusal to work vas, in pert, paralleled average cortisol level. Conversely, the crew
by Subject 2 who showed a markedly diminished member slkowing the lowest average HTPB
output of work on Day S. Neither Subject 2 productivity (Subject 3) also showed the
nor Subject 3 showed a compensatory Increase lowest average cortisol level. Signifi-
In work productivity on Day 5 that my have cantly, Subject I was the high-productivity
otherwise satisfied the criterion which was participant who refused to work on Day 5 of
missed on that day by 6495 points. then the the mission, and Subject 3 was the low-
appetitive condition wes reintroduced on Day productivity participant who failed to reach
6. however, Subjects I and 2 again sontri- the criterion on Day 4 of the mission. These
hated to work output, and, indeed, all observations together suggest that sustained
subjects showed the greatest daily point high productivity along with prolonged
eoudulations on that final day of the performance accuracy on a demanding task may

experiment. render an individual vulnerable to disruptive
emotional reactions such as those provoked by

The behavioral effects observed in this the avoidance phase of the study. most
last experiment were related to hormonal importantly perhaps, these results emphasize
levels obtained from analyses of total urine the contributions of a multi-dimenslonal
volumes oelleetd througahout the course of analysis of individual and group performancethe experlsont. EU A. for example. shows effectiveness, and thy clearly demonstrate
a strong overall relationship for these three the utility of programmed environment methods

subjects between individual MTlD productivity and procedures in assessing the broad range
and sean daily eortiol levels determined by of dependent measures which encompass such an
rediolmmnoessey. 1 2

analysis.



Cur Research Results 1 and 2: Introduction and Withdrawal
of a Novitiate

These foregoing Inveastigatlons clearly
eatablish social variables as fundamental In the firat two ton-day experimenta, an
contributors to the overall Status of a initial baseline was established by having
confined microaociety, and they emphasize the two mission participants follow a behavioral
sensitivity of such variables to a range of program while residing in the programmed
experimental manipulations having operational laboratory environment for several successive
significance. Throughout such studies, days. Remuneration was a function of

mission participants were observed to seek performance productivity on the MTPB.
social interaction under one set of Accurate Individual operation of the NTPB

conditions (*.g., cooperation contingencies produced points which wore deposited In a

and appetitive performance outcomes) and to joint account to be divided evenly between
withdraw from such Interaction under other the two participants at the conclusion of the

conditions (a., pairing contingencies and experiment. A daily ceiling of ten thousand
avoidance performance outcomes). Thus, the accuracy points, representing approximately

joining and leaving of a group by mission 12-16 hours of total work, was in effect for
participants under circumstances encompassing Group 1, whereas no such ceiling was imposed
more than a single environmental condition for Group 2. After three sucoessive days
would appear to generate social effects under such dyadic conditions, the third
reflecting important dynamic processes (J.., novitiate) participant was Introduced
requiring systematic experimental analysis, into the programmed environment. For Group

1, the third participant was permitted to
Accordingly, group performance contribute to the other participants' 4TPB

effectiveness studies were initiated to accumulations, but he was remunerated on a

assess the effects on individual and group per diem basis without regard to his

behavior of a novitiate participant's intro- performance productivity. For Group 2,

duction into and withdrawal from a previously however, when the third participant was
estab. lshed and stable two-person social introduced as a group member, the contingency
ystek. The objective of the first two such protocol stipulated that only Jk of the

studies was to focus upon (1) the social three mission members could work on a given
mechanims and temporal properties associated day, and the other (,L.a., resting)

with the integration of such a participant participant would be remunerated based upon

into an established group, and upon (2) the average 3TPB productivity of the two

sources of group disruption and/or working participants. After four successive

cohesiveness fMstered by his presence. In days under such triadic conditions in both

addition, measures of hormonal levels based groups, the novitiate participant was

upon the collection of total urine volumes withdrawn from the programmed environment,
throughout the course of the studies focused and the mission continued for three
upon changes in the androgen testosterone as additional days with the original two-person
an endocrinological index of demonstrated group.
sensitivity to social interaction effects in GR I
both animl&

1 3
,
1 e  and humans.

15  Such a
behavioral biological analysis was
implemented to provide a sore valid and 0.0
reliable asessment of the Individual and
social impact generated by introduction and
withdrawal of new members with an established 1o Ii i
group. 16  060 * til

Urinary testosterone levels were deter- Woo0
mined by radiolmmunoassay. Following a 72-hr j20*
hydrolysis with beta glucuronidase, the
samples were extracted with methylene 2,I I
chloride. The methylene chloride layer was

washed with water and dilute sodium chloride nec
and then evaporated. The extracts were
purified on LH-20 Sephadex columns. Rcov- 00oo

eries through the procedure were monitored by wo I
the addition of a small amount of titrated 080
testosterone added to each sample prior to I
extraction. The Sephadox column eluates were 0:0o

evaporated and taken up in Rim buffer.
Aliquots were incubated overnight at 40C with
a testosterone antibody produced in rabbits.
Free and antibody-bound hormones were
separated using Soaogyi reagents. Radio- -

activity measurements were made in a Reckman ' 3 4 S 6 0

LS-250 counter. Samples were assayed in dupli- 
kCCES DAYS

cate and corrected for recovery. Figure 5

6



I In both groups, the novitiate member "00.

showed a gradual, rather than an abrupt, W

integration into the established work W
schedule which was left free to vary 40
according to the participants' dispositions. •0
As shown In Figure 1, the novitiate
participant (L.i., SubJect 3) In Group I
progressively contributed to the daily 8s2

performance ceiling until his terminal so,
productivity on Day 7 was equivalent to the ••
other two mission participants. Similarly,
a shown In Fur A, the two ten-day members 20'

OF0L 2 nrri 120S3

i S I" i i . goupmmers dropped when the novitiate
S I " I w . rya introduced, and they recovered to

U ' I ba hseline levels when he waes withdrawn. Signi-
eO | |i ficantly, the novitiate member's testosterone* II I lvl were consistently elevated in

-| I I I I i I comparison to his teammates, and he also
o ... .. shwe •rrspndn elevations on
| u~o~nano factors eaociated with the pre-
i mi scereening battery. As shown in

[ jt£lura 8, in Group 2the novitiate teas

$DO

Figure 6

6 * 0 2 0 -A D

in Group~~~ 2 ree to alo th novitiate

participant to work on Day y, the first

triadic dayel of the esissiosh, tesoitertha

participant's repeated exhortations to be
granted permission to work. rhen the t
novitiate participant was allowed to work on
Days 0-7, he demonstrated daily work

two ten-day participants. Taken together,
these observations show a significant
resistance by an ongoicg group to chnge an
established and proven pattern of" ork even

when sucha change would have provided relief

from operating a demanding task (j.j., the
14TPB ).

An analysis Of testosterone levels
ebStained from 211-hour total urine volumes I2S456709t

t 
4' IS 

4 a 6 
0

collected during both experiments showed
striking, though predictably inverse relation- Sce Gy
ships to the experimental manipulation of lue8
caning the ese nd compoiton of a group.F

As shown in 7, in Group 1 the teste-

pamplep were missed on Days 1 and 2.

-7
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member showed clinically low testosterone experiment and which determined remuneration
levels, and be also showed the lowest value for participation.
on the pre-mission 'Dominanceu scores. These
observations show the influence of personal After tour successive days under such
history (1.., individual difference dyadic conditions, the third participant was
variables) and role differentiation as introduced as a member of the group. For
assessed from behavioral, endocrine, and three preceding days, this third participant
psychometric perspectives on the potential had resided In a private chamber, but his
personal readjustments and interpersonal behavioral program lacked communication,
challenges that a group must manage social. and work opportunities. This three-
succesfully when a change In membership day period provided a hormonal baseline
occurs. Finally, the elevated testosterone against which to evaluate the effects of
observed in the novitiate in Group I and the Joining the group. During the next four
low testosterone observed in the novitiate in three-parson group days, the novitiate
Group 2 may reflect active processes participant was required to operate the KTPB
associated with Joining the respective and SL tasks for his individual remuneration,
established groups, but the absence of whereas he was paid a fixed per dies on
beaseline levels precludes such an baseline aloneg days. At the conclusion of
interpretation, this four-day period, the third participant

left the group for a final two-day baseline
Grouna I And _k: Iita te JasLtsM C period within his private ohamber while the
&USIAs established group returned to its status as a

two-person team.
The third ten-day experiment was

designed and conducted to assess further the The results showed that the novitiate
effects on Individual and social behavior of participant intruded himself into the
a third participant's introduction Into and established work schedule on the first
withdrawal from a previously established and triadic day of the mission (J.j., Day 5). As

relatively stable two-person social system. shown in Figure 1, the novitiate, Subject 3,
This systematic replication of the two GP 3
previous missions focused upon the social and
performance effects associated with the
Integration of such a participant Into the 12:00
established group and upon sources of group : i
disruption and/or cohesiveness fostered by WOOI

his presence. Particular experimental O60

hormonal (J.j., testosterone) levels in
relationship to the programmed changes in 200

group membership. The replication Involved 22:00'Ii
procedural innovations intended (1) to extend
the previous analyses to a somewhat different Ii
met of experimental conditions with novitiate
participants, (2) to potentiate the outgroup o4oc
status of the third participant who joined MOthe ongoing two-person group, (3) to demon- * I
strate the reliability and generality of 00 II
previous results, and most importantly, (4) 1000
to provide baseline hormonal levels for the
novitiate before and after his participation e 00

aa group member.

The two-person group resided for ten 1 2 3 4 5 6 ? 0 9 0

successive days within the continuously SCCESSVt DWS

programmed environment. Participants Figure 9
followed a behavioral program of contingently commeneed working at 1200 hours on Day 5
scheduled activities which determined which marked the change of day, without oom-
Individual and social behaviors, the latter munlating his intentions to other mission
being available on a non-cooperative basis participants. Subsequently on the "me day,
throughout the study. Separate from the he initiated two additional work periods. As
behavioral program was access to the work a result of reactions of the two ten-day par-
station containing a multiple tak ticipnts to this Intrusion. the novitiate
performance battery (WrPB) and a serial participant as required to shift his work
learning (SL) task. Accurate operation or episodes to successively later periods of the
te NTP3 and SL tasks produced Oaocuracy day across Days 5-8. Finally, the acomemo-
points' which were deposited in a joint dation of the novitiate into the work
acount to be divided evenly between the two schedule by the two ten-day
ton-day participants at the conclusion of the

I8
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participants is suggested by the more An analysis of testosterone levels
frequent sustained work periods exhibited by obtained from 24-hour total urine volumes
participants while the novitiate was a member collected during the experiment showed
of the group. changes by two of the mission participants as

a function of the two-person and three-person
A more striking effect of the Impact of conditions. As shown In Fgure 11, Subject

the novitiate on the status of the social 1, a ten-day group participant whose basal
system In revealed by the changes in wake- testosterone values were low in comparison to
sleep cycles which occurred when the reported normal male levels. showed increases
novitiate joined the group. As shown in In testosterone when the novitiate was
Figure JA, time of day spent sleeping during introduced Into the group, and his values

declined during the final two two-person days
of the mission. Significantly, this
participant was the only group member-MLP 3 expressing irritation with the novitiate

WI7II1! II I member as determined from Interpersonal
J I ratings obtained during the Health Assessment

activity. The novitiate participant, Subject
I : 3, who was introduced Into the group on Day

5, showed a marked suppression of
220 testosterone across the four three-person2- .I days, with a recovery to baseline levelsIS I0 during the last two solitary days of the0 ii lexperiment. Testosterone produced by Subject0&,0 2 was stable after a decline across the first

I0010 two days of the mission. Significantly,
j *jSubject 2 showed the least change In his

established wake-sleep patterns whereas
,. 1 L-J L1 L1 L-1 _ L-1 9 L Subjects 1 and 3 showed pronounced changes.suc2 S3V D These data suggest that the organization of a

social system and its subsequent
reorganization under the specified rule

Figure 10 conditions Impacted upon endocrine system
activity as revealed by corresponding changes

triadic Days 5-8 changed precipitously for In testosterone output among mission
Subjects I and 3, and remained comparatively participants.
undisturbed for Subject 2.

GROUP 3 1= ALONE In Group 3, the magnitude of the drop in
OMDYAD testosterone exhibited by the novitiate in

S0-SITRIAD comparison to such values observed during

20 baseline days suggested an active process
M M l m M associated with the joining of the group and

14 emphasized the importance of baseline
S2 observations on all mission participants.

120 Accordingly, a fourth experiment was designed
00 and conducted to Incorporate procedural

changes intended to provide basal hormonal
levels prior to both dyadic and triadic group

S60 -formation.

20- In addition to dyadic and triadic social
conditions to be described, the ten-daypexperiment was composed of baseline and work1 S$ days. On baseline days, mission participants

f l0 -followed a behavioral program in their
go. Individual rooms, but without having access

to work, Intercom communications, or socialactivities. During such baseline days,
40. subjects received a per diem allowance. On
20 work days, participants also followed a

behavioral program which Included social
I 2 3 4 3 6 7 8 9 activities and Intercom communications, and

Sucesi e D0s they were additionally required to operate
Figure 11 the MTPB for their earnings.

*Because of a missed S-hr collection on Day 4 The two-person group participants
for Subject 3, that 8-hr Interval was assigned resided for ten successive days within the
the average value of the preceding eight 8-hr continuously programmed environment. Days
intervals in determining a total value for
Day 4.
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1-3 were solitary baseline days with no work group member during Days 7-10, the work
opportunities, and on Day 4, hse intervals of the two ten-day participants
participants formed a two-person tem with were longer and uninterrupted In contrast to
competitive work opportunities. That is, a the more frequent and comparatively briefer
participant's TPB accuracy-point earnings intervals observed throughout Days 4-6.
were deposited within his individual account Thus, the novitiate participant exerted a
which was awarded to him at the conclusion of pronounced effect on the routine previously
the experiment. This two-person work established by the two-person group.
condition was In effect frm Days 4-6. Also
on Day 4, the novitiate participant began his ake-sleep cycles were altered among
baseline days within his private quarters, solitary baseline, dyadic, and triadic days.
remaining under such conditions from Days Am shown in F jigue.. sleep periods for the
4-6. On Day 7, the novitiate participant
joined the previously established two-person W
group. Days 7-10, then, were triadic days '?00 ~ L* .

with all three participants operating the -

performance battery on a competitive basis.
In sumary, the design of this experiment MOO
allowed assessment at androgen productivity MW
and behavioral factors under baseline 2 20i

conditions which preceded dyadic team I
formation and triadic team reorganization. 8

0.00
As shown In Figure .2, the two-person 6C

group developed an orderly and alternating MW

sequencing of work Intervals throughoutI 7 9

dyadic Days 4-6. When the novitiate joined ,200
the group on Day 7, this sequencing 1 ' 2 -4 5 6 -a
persisted, but, Importantly, the novitiate SUCES:VE DAYS

participant assumed the most preferred work
interval (J.g., 1200-2000 hours). In Figure 13
contrast, Subject 1 worked from 2000 to 0400
hours, and Subject 2 worked during the least
preferred time of day (J.e., OO0-1200 two ten-day participants during Days 1-3 were
bours). Finally, when the novitiate was a synchronous with a typical day-night

orientation, uninterrupted, and at least 8
hours in duration. During dyadic Days 4-6,
however, some disruption in sleep patterns by

GNOLP4 the dyadic group Is evident in response to
Fthose members' adaptation to the performance

tasks. The most striking change occurred,
32= however, when the novitiate joined the groupi:i on Day 7. Throughout Days 7-10, Subject 2

showed a pronounced and consistent shift in
640 his sleep period, Subject 1 showed a moderate
1&0 adjustment which extended into the early

[ 0hours of an experimental day (which commenced
J0 at 1200 hours), and most importantly, Subject

22:00 3 showed no such major alterations In sleep
S24:0 patterns In comparison to his baseline wake-

02:0 sleep cycles established during Days 4-6.

0I0 An analysis of testosterone levels
obtained frm 21-hour total urine volumes

o60 collected during the experiment showed
woo orderly relationships to the observed changes

0 in wake-sleep cycles and work time. As shown
in Floure 11, Subjects I and 2, the two

12:00 ton-day participants, showed intermediate
testosterone levels across the baseline and
dyadic days of the experiment with some indi-
cation of a response by Subject 2 to forme-

l 2 3 4 s 6 7 a 9 0 tis of the dyad. These levels are
SUCCESSVE DAYS comparable to those exhibited by the

novitiate, Subject 3, throughout his baseline
Days 4-6. When the novitiate participant
Joined the group on Day 7, his testosterone

Figure 12

S10



GROUP 4 intercom, and social room was prohibited
SI r' ALONE between 2400 hours and 0800 hours of each

0CM YAD day. This restriction was Imposed so that
io-A mission participants would likely orient.!thei.r .lee.ing to thos.paticular houra,

although they always bad the opportunity to
engage in the many remaining Individual
activities within tbe behavioral program.

-- S2 Finally, in contrast to Group 4, the

60 [novitiate participant entered the environment
40on Day 3 for £o=r solitary baseline days

prior to his entrance into the group on Day
OD 7.

S3 As shown in gjr.g 11, when the dyad was
lformed on Day 4 of the experiment, the two

participants (L.&., Subjects 1 and 2)
developed an orderly sequential pattern of

40 work with each alternating work period

20 lasting approximately 2-4 hours. This
LLLLLULLUpattern persisted throughout dyadic work Days

1 2 3 4 5 6 7 8 9 10 4-6. When the novitiate entered the group on

Successive Doys Day 7, his integration into the group
involved his willing adoption of the
previously established work pattern. Through-

Figure 14 out Days 7-10, the three participants

alternated access to the work station with
each work period lasting approximately 2

levels at least doubled, and these hours and changing at about the same
substantially elevated levels persisted time of day throughout triadic work Days
throughout the remaining triadic days of the 7-10. Thus, this particular novitiate
experiment. In contrast, testosterone levels participant was not observed to cause a major
of the two ten-day participants dropped when disruption in the style of working which
the novitiate joined the group, with some developed preceding his entrance into the
recovery to those levels observed throughout group, nor did Subject 1 or 2 try to prevent
the six preceding days toward the end of the his recurrent access to the work station.
experiment.

In summary, then, the participant
(Subject 2) who showed the greatest shift in
his wake-sleep cycles when the novitiate
joined the group also showed a reduction in
testosterone throughout the four triadic days GROUPS
of the mission. Conversely, the novitiate
participant (Subject 3) who showed the least
such shift also showed consistent elevations 8:00

in testosterone throughout the four triadic Mo0I
mission days. Wo00

Because of the consistent relationships :so0

observed between changes in testosterone and 2 o
changes in wake-sleep cycles when the
novitiate entered the group In Groups 3 and 0:00

4, a fifth experiment was designed and 0o:00
conducted to assess the effects or intro-
ducing a novitiate participant into an
established group when the program schedule M2 OO

held the sleep period constant for all 100 .
subjets. 0o

The experimental design plan for Group 5
was almost identical to that for Group 4 with
no work opportunities on Days 1-3 and with I ;
the following constraint in effect throughout SU xSSw DayS
dyadic and triadic days. Throughout such

work days, access to the work station, Figure 15

Fiur11



As ahown in FIicre Jj, wake-sleep cycles The uneventful entrance of the novitiate
were stable for all subjects across participant and the absence of resistance by
successive experimental days. The time of the established dyad were paralleled by the
day spent sleeping roughly corresponded to lack of notable changes in urinary
the Interval when the activity restrictions testosterone across sucoessive experimental
were in effect. The only exceptions were days. As shown in Figur J1, no subject
observed on Days 5 and 6 when Subject 3 was showed a consistent and large-magnitude
removed from the behavioral program because change in testosterone as a function of the
of a minor stomach upset, but he remained in dyadic and triadic conditions. (Sampling
*the programed environment and napped during error prevented Day 10 determinations.)
the day hours. These data, then, are in Subject l's values were low to Intermediate,
striking contrast to the shifts in wake-slep Subject 2's values were intermediate, and
cycles produced in the previous experiments Subject 3's values were high. These data
when the novitiate became a group member. then, suggest that irrespective of the

variance among participants' baseline
testosterone levels, the accomodating and
cooperative character exhibited by members of
this particular group was sufficient to

LLLL inhibit confrontations which in previous
groups were related to behavioral and

I hormonal readjustments.I

.2' The five previous experiments were under-jitaken with oll-ale groups because or the
I I Iimportance of eliminating major sources of
IIintersubject variability during the early

I phase of a research program. With the comple-
tion of Group 5, however, the date base
appeared sufficiently robust to warrant an

-i t I L-J L_ L_ L LJ L extension of the observed behavioral-
2. L4 L 6 a

S2 3 C biological nteractions to a situation
involving a mixed-sex group. Accordingly,
the sixth experiment within this series, and

Figure 16 the last study to be reported in this paper,
involved the introduction of a female
novitiate participant into an established two-
person male group.

The design plan of -this sixth experiment
was similar to the one used for Group 3. The

GROUP5 rmALOW two-person sale group operated the NTPB for
S1 EIDYAD ton successive days, and each participant's

.mNTRi) accuracy points were deposited within a joint

40. account evenly divided at the conclusion of
the experiment. After four successive days

20 under dyadic conditions, the novitiate female
participant was Introduced as a member of the
group. For the four preceding days, this

0' S2 participant had resided in her private room
under solitary baseline conditions. After

S four successive days under triadic work
4conditions, the novitiate was removed from
2the group for two final baseline days whileI the remaining participants again worked as a

two-person team. Finally, unlike all

J 04'S3previous experiments, the two maIe
12 participants had previously participated in
100 an earlier study: Subject I was a dyadic

o group member and Subject ! was the novitiate
I 1 1in Group 4.

lAs shown i n JJMM J&, during Days 101,11 Subject I worked during the early hours of an
experimental day which began at 1200 hours.

1 2 3 4 5 6 7 6 9 This is similar to the hours during which he
SuccemW o"ys worked in Group 4 on Days 4-6. Importantly,

Subject 2 in the present experiment, who was
the novitiate in Group 4, was not observed to

Figure 17

12



GNoup 6 5 mantain his wake-sleep cycles over
571 1 successive experimental conditions as he was

12001 observed to do when he was a sember or Group
1600 An analysis of testosterone obtained

6I from total urine volumes collected throughout

S800 1 the experiment was notable for the absence of
large-magnitude changes across successive

2000 experimental conditions. As shown in Figure

2200 ZQ, Subject 1 shows values consistentlyintermediate across successive experimental
2400 days. Importantly, these values are similar
020A to those observed when he was a participant16 0200n Group 4l (see ZIM .J). Subject 2, the

0400. novitiate In Group 4 who showed markedC '' I elevations in testosterone when he joined the

000. 11I roup, failed to show cociparable elevations
oBe00 when the female novitiate joined the group on

Day S. Significantly, in the present
1000 . experiment, Subject 2 did not maintain his
1200 established wake-sleep cycles as he was

2 3 4 5 6 8 9 1 observed to do when he was a member of Group
Successive7oys 4. Subject 3, the female novitiate, showed a

slight drop in testosterone across Days 5-8
in comparison to values observed during
baseline Days 3-4. Finally, given the

Figure 18 turbulent character of subjects' work
intervals and wake-sleep cycles which
contrast with the relative constancy of the
hormonal measures, these data suggest that
this particular group failed to resolve

work during the preferred hours as he had in issues of leader-follower relationships which
Group 4 on triadic Days 7-10. On Days 1-4 in might have otherwise been reflected in the
Group 6, the work period alternations were endocrine domain.
perhaps not so regular as they were on Days
4-6 in Group 4. When the novitiate
participant entered the group on Day 5, she
alone worked during the first 12 hours of
that day, with Subjects I and 2 working
during subsequent 6-hour intervals, respec-
tively. Thereafter on triadic Days 6-8,
subjects alternated access to the work
station, but no stable patterns of such FITT
alternation developed, and for all subjects, I-Y
work periods occurred sporadically throughout ' II I '
the day, rather than being oriented toa
specific time of day across successive daysu3
of the triadic condition. Finally, when the

the work sequences for Subjects 1 and 2

roughly corresponded to these observed during .1I
dyadic Days 1-.

As shown in Figure 11, no subject
maintained consistent wake-sleep cycles Mae
across successive days of the experiment.Ma

Although such cycles were comparatively
regular during Days 1-4 when Subjects I and 2 bT 1w T - " 7 T - •
worked am a dyad and Subject 3 lived alone
under baseline, when the novitiate entered
the group on Day 5, wake-sleep cycles were
thereafter erratic on triadic Days 5-8. Vhen Figure 19

the novitiate left the group at the end of
Day 8, wake-sleep cycles did not show an
abrupt return to a typical day-night
orientation. Importantly, Subject 2, the
novitiate in Group 4, did not successfully

13



group composition that occasioned shifts to
less than optimal work and/or sleep schedules

G 6 -Alone ( 3.3., 3, Group 3; S2, Group 4). Signifi-
13 DYAD cantly, the participants in Groups 5 and 6
M TRIAD showed little or no androgen response to the

0 S Iprogrammed changes In group composition. For

40- Group 5, this outcome was consistent with the
orderly transition in work routines and the

0 nabsence of changes In wake-sleep cycles which
accompanied the introduction of a new member
into this group. In Group 6, however, no
member emerged who clearly and persistently

sprovided direction in structuring the
Go. itransition between a two-person and three-
4S2 person group, and the members' wake-sleep

cycles were erratic.

The suggested Interaction between

broadly defined wdominance-submission* rela-
tionships and testosterone levels in the

40 S3 present series of studies conforms well with
the observations reported on changes In group20ori n n m w L •r n composition and organization in lower

I 2 3 4 5 6 7 8 9 O primates. Under conditions which involved

Successive Doys the Introduction of a new rhesus monkey into
an existing group, changes In testosterone
levels among high-ranking males were observed
to be functionally related to an animal's

Figure 20 success (or failure) in defending his status
in the primate social order. Victorious
animals showed significant increases in
testosterone levels

1 while monkeys defeated
iscussion by the group were reported to show marked

androgen level decreases. 19  
These general

The results of these experiments show relationships between the "dominance-
clearly that Interactive behavioral and submission" hierarchy and testosterone levels
biological processes are prominently involved in subhuman primates were further confirmed
in the individual performance adjustments and In experiments which involved the merging of
social adaptations of small groups in a two established groups, with defeated alpha
confined microsociety. Of particular males showing a decrease and victorious alpha
interest In this regard are the findings males an increase in androgen levels. I It
which Implicate the programmed environmental must be emphasized, of course, that these
and behavioral interactions in at least those studies with laboratory monkeys occurred

aspects of endocrine regulation reflected in under conditions which involved intense and
the oortlaol and testosterone measurements. enduring aggrssive confrontations unlike
While the positive relationship between cor- anything observed in the much more benign

ticosteroid levels and individual work exchanges among the humans participating In
productivity is generally consistent with the the present group interaction experiments.
ecatabolica influence presumed to be exerted The general conformity in environmental-
by these hormones on energy metabolism,

17 
the endocrinological relationships described

Interactions between androgen levels and both under these two somewhat disparate investi-
individual and group performance dynamics gative circumstances, however, suggests a
present a more complex interpretive problem. continuity across species of these funda-

mental behavioral biological Interaction
In this latter regard, for example, the processes.

sensitivity of testosterone levels to changes
In group composition was most evident in It Is, of course, both premature and
those groups in which work routines and/or hazardous to speculate on the Implications of
wake-sleep schedules were disrupted for some the present findings for the analysis of
mhmbers but remained stable for others. More group performance effectiveness under con-
specifically, success in gaining or maintain- fined microsociety conditions. With regard
Ing access to a work schedule least disrup- to the relevance of the Interactive endo-
tive of established wake-sleep routines was crinological relationships observed under
generally accompanied by elevations in testo- such conditions, however, it seems reasonable
terone levels occasioned by changes in the to suggest that the adaptive significance of
group amposition (j.a., 32, Group 3; 23, any hormonal response can beat be understood
Group 4). Conversely, decreases In testea- In terms or the consequences of that response
terone levels were associated with changes in at the metabolic level. Although metabolic

14
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